haploidentical transplantation in children opens the possibility to offer this treatment to every child with an otherwise incurable disease, such as some hematological or oncological malignancies, inborn or acquired bone marrow-failure syndromes, hemoglobinopathies, immunodeficiencies, or other genetic diseases. although initial attempts at haploidentical transplantation were associated with a high transplant-related mortality, recent insights into the biology of haploidentical transplantation, the availability of effective in vivo large-scale graft-manipulation technology, and improved supportive care strategies have led to and are still leading to significantly better outcomes of haploidentical transplantation as compared with previous decades. In addition, expensive and time-consuming searches for matched unrelated donors (MUDs) as well as the expensive establishment and maintenance of cord blood banks are not necessary. Moreover, the worldwide donor registries comprise mainly donors of caucasian origin and patients of non-caucasian origin have a lower chance of finding a MUD. Therefore, haploidentical transplantation allows the treatment of children independently of their ethnic background in a timely fashion according to the status of their underlying disease.
A llogeneic hematopoietic stem cell transplantation (HSCT) is, for a number of children with malignant and nonmalignant diseases, currently the only available curative approach. The malignant diseases treated by HSCT comprise mainly hematological malignancies, whereas the nonmalignant disorders that strike mainly pediatric patients include hemoglobinopathies and inborn disorders of the immune system and metabolism. The first pediatric HSCT was performed in 1969 in a child suffering from immunodeficiency with a matched sibling donor (1) . A few years later, HSCT was being used successfully to cure otherwise incurable leukemias in adults (2) , and transplantations from matched sibling and matched unrelated donors (MUDs) are regarded as the current standard treatment.
As only approximately 30% of the patients requiring transplantation have a human leukocyte antigen (HLA)-matched related sibling, alternative donors such as MUDs, unrelated matched or mismatched cord blood units, or three-loci mismatched haploidentical family donors are increasingly used as sources of hematopoietic stem cells. The probability of identifying a MUD in the worldwide donor registries is dependent on the diversity of HLA antigens within a population and on the patient's race (3) . In addition, a MUD donor search is time-consuming, and the time from initiation of a donor search to the actual transplant, in most cases, is 4 mo or longer (4) . A significant number of patients will experience disease progression or even die within the time of donor search, and the potential life-saving allogeneic transplantation will no longer be a therapeutic option.
An alternative approach for patients without HLA-matched donors or for patients who are at high risk of disease progression during the donor search is the use of mismatched related family donors. In pediatric patients, these are mainly threeloci-mismatched parental donors, but haploidentical relatives like aunts or uncles can also be included in the rare cases when no parental donor is available or the parent is medically unfit for donation.
AdvAntAges of HAploidenticAl trAnsplAntAtion
Due to the immediate and permanent availability of the donor, a number of advantages as compared with other donor sources can be identified:
• A pediatric patient is diagnosed with a disease that might only be cured by HSCT and is brought to the hospital by his potential donors. There is no treatment delay and a life-saving transplant can immediately be offered.
• Based on the motivation of the donor, more recently introduced reagents such as the CXCR4 inhibitor (receptor of stromal cell-derived factor 1) for stem cell mobilization can systematically be investigated as to whether they would positively influence the outcome of transplantation (5).
• Sufficient numbers of peripheral blood stem cells (PBSCs) can be collected to allow graft-manipulation procedures to deplete T lymphocytes from the graft for the prevention of graft vs. host disease (GvHD). These include CD34 + positive selection (6), CD3 depletion (7), CD3/ CD19 depletion (8) , and TcRαβ/CD19 depletion (9).
• Bone marrow (BM) and/or peripheral stem cells can be collected, depending on the preference of the transplant center.
• There is a choice of donor selection according to the donor's killer cell immunoglobulin-like receptor (KIR) phenotype or donor KIR haplotype, especially for adult patients with acute myeloid leukemia (10) and children with acute lymphoblastic leukemia (ALL) (11).
• The HLA disparity between donor and recipient allows a rapid and extensive analysis of the chimerism status of the recovering hematopoiesis and especially of the various lymphocyte subsets post-transplant using flow cytometry and only small amounts of blood (1 cc of blood is sufficient to extensively analyze the chimerism status of various lymphocyte and other cell subsets). In addition, the HLA disparity can also be helpful for the very early detection of impending recurrence of leukemia by flow cytometry (12 (20) , or other donorderived effector cells to be identified in future research.
A major advantage of haploidentical donors over umbilical cord blood, a stem cell source that is also immediately available, is the availability of the donor for post-transplant cellular therapies either for prevention of relapse or the treatment of viral infections by adoptive T-cell transfer. In contrast to umbilical cord blood, where the number of stem cells is limited but important for successful transplantation (21) , large numbers of haploidentical stem cells can be collected from the donor by repeated collections if necessary and these large stem cell numbers allow engraftment across the HLA-barrier (6) even after reduced toxicity conditioning regimens (22) . In contrast to HLA-mismatched cord blood transplants where the transplant-related mortality (TRM) is high (23) , this approach is associated with a low TRM and an acceptable rate of rejections (22) . Haploidentical transplantation can therefore be seen as a platform, as illustrated in Figure 1 , for the further evaluation of therapeutic strategies.
In this review, we discuss current and new strategies that will lead to further improvements and better outcome of haploidentical transplantation in children for whom this approach is the only curative treatment.
MobilizAtion of peripHerAl steM cells
Historically, bone marrow was used as stem cell source in allogeneic transplantation. Subsequently, the first clinical evidence was obtained that circulating hematopoietic stem cells can completely and permanently regenerate lymphohematopoiesis after myeloablative therapy. The discovery of granulocyte colony-stimulating factor (G-CSF), granulocyte/macrophage colony-stimulating factor, and the finding that these growth factors can expand the circulating pool of stem cells led to their use to mobilize stem cells in healthy donors, including matched sibling, matched unrelated, and haploidentical donors (24) . Currently, G-CSF is mainly used for stem cell mobilization in haploidentical transplantation. Moreover, the use of growth factors and the ability to mobilize and collect large numbers of stem cells have enabled clinicians to translate the concept of the "megadose approach, " i.e., the transplantation of large numbers of purified haploidentical stem cells to overcome the HLA barrier (25) , into clinical practice (26) .
The interaction between the chemokine stromal cell-derived factor 1 and its receptor, CXCR4, in BM plays a major role in the trafficking of progenitor cells between BM and peripheral blood (27) . Plerixafor is a small-molecule antagonist and reversibly inhibits the interaction of stromal cell-derived factor 1 with its cognate receptor, CXCR4, thus leading to a transient increase of the peripheral progenitor pool. A synergistic effect of plerixafor and G-CSF on mobilization of peripheral CD34 + progenitors has been shown in healthy donors (28) . It can be anticipated that the combination of plerixafor with G-CSF or granulocyte/macrophage colony-stimulating factor will be used in future clinical trials in haploidentical transplantation to further increase the number of transplanted CD34 + stem cells.
grAft-MAnipUlAtion strAtegies
A number of initial attempts using haploidentical non-T-cell-depleted (T-cell replete) unmanipulated bone marrow and myeloablative conditioning have been made in the past. 
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Unfortunately, these attempts were associated with early severe and often lethal side effects, including pulmonary edema and multiorgan failure resembling hyperacute GvHD (29) . The small number of patients receiving transplants from an HLA 2-or 3-antigen mismatched related bone marrow donor experienced high and early TRM. Based on these previous findings, 2-or 3-antigen mismatched transplantation of T-cell replete bone marrow from a family donor using pharmacological GvHD prophylaxis was considered too risky.
previoUs experience witH poorly t-cell-depleted bone MArrow As donor-derived T lymphocytes in the graft are the major cause of GvHD in allogeneic HSCT, various attempts were made to deplete T cells from BM prior to infusion. The first ex vivo T-cell depleted bone marrow transplants using soybean agglutinin and rosette formation with sheep red blood cells were performed in children with immunodeficiency syndromes (30) . Subsequently, Henslee-Downey and colleagues used intensive total body irradiation (TBI)-based myeloablative preparative regimens with partial in vitro T-cell depletion of haploidentical BM using anti-CD3 antibodies (T10B9 or OKT-3) with a 1-1.5 log reduction of T cells and posttransplant pharmacological GvHD prophylaxis (31) . In this large series of 201 patients, 98% engrafted with 5-year cumulative incidences of relapse and TRM of 31% and 51%, respectively.
experience witH HigHly pUrified cd34 + Mobilized peripHerAl steM cells To decrease the risk of GvHD by a higher degree of ex vivo T-cell depletion, more efficient T-cell depletion technologies were introduced (32) , and the possibility of using highly purified CD34 + stem cells from mobilized peripheral blood from parental donors led investigators to evaluate haploidentical transplantation using large numbers of highly purified CD34 + stem cells in patients with a variety of diseases. With this extensive T-cell depletion, almost no GvHD was seen even in the absence of any pharmacological GvHD prophylaxis, and due to the indirect B-cell depletion associated with CD34 + selection, post-transplant Epstein-Barr virus-related lymphoproliferative disorders were also absent in both pediatric (6, 33) and adult patients (34) . However, the experience of the transplant center with haploidentical transplantation of CD34 + stem cells had a major impact on the outcome. In an analysis on behalf of the Acute Leukemia and Pediatric Disease Working Parties of the European Group for Blood and Marrow Transplant, on the outcome of 102 children with ALL in remission receiving haploidentical transplants with CD34 + positively selected stem cells, impacts of the number of transplanted CD34 + stem cells and the transplant center size (in terms of number of haploidentical transplants performed per year) were demonstrated (35) . All these studies in both pediatric and adult patients had a delayed immune reconstitution in common, which was associated with a high incidence of severe and lethal infections. To accelerate the post-transplant immune reconstitution, negative depletion strategies of T-and B-cells were evaluated. The introduction of semiautomated devices for the concomitant depletion of T-and B-lymphocytes to prevent GvHD and post-transplant Epstein-Barr virus-associated lymphoproliferative disease, respectively, allows the effective depletion of CD3 + and CD19 + lymphocytes (CD3/19 depletion) from mobilized peripheral stem cell grafts (8) . The T-cell depletion with this method (3.5-4 log) is less as compared with the CD34 + positive selection method (4.5-5 log). In contrast to the CD34 + positive selection method, large numbers of NK cells, monocytes, dendritic cells, and other myeloid cells are retained in the graft. In the first clinical study, 20 children with hematological malignancies were transplanted with CD3-depleted PBSCs following a TBI-based myeloablative preparative regimen (36) . Of 19 patients evaluable for engraftment, all engrafted. Six patients (30%) died from TRM and 4 patients (20%) from disease recurrence. Ten patients (50%) were alive and well. A subsequent pediatric study was performed in 25 patients with advanced refractory hematological malignancies (n = 9) or patients with relapse after previous standard myeloablative transplantation (n = 16) (37). As these patients were considered to be at high risk of TRM with a myeloablative preparative regimen, a less intensive non-TBI-based conditioning regimen consisting of fludarabine (200 mg/m 2 ), thiotepa (10 mg/kg), melphalan (120 mg/m 2 ), and the anti-CD3 antibody OKT-3 was employed. Two of 3 patients who did not engraft were rescued by another transplant from their original donor, and 1 patient had early disease progression without donor engraftment. The cumulative incidences of grade II-IV and grade III-IV GvHD were 44% and 8%, respectively. The cumulative incidence of chronic GvHD was 28%. Thirteen patients died of disease recurrence and 4 of TRM. No lethal viral infections were seen. Eight patients remain alive with a performance score greater than or equal to 90%.
In a comparative analysis of the immune reconstitution in these two cohorts of patients, a much faster recovery of thymopoiesis, as determined by rapid increase of T-cell receptor excision circles, and a rapid return of the T-cell receptor repertoire were seen in patients who received a non-TBI-based less intensive preparative regimen as compared with the patients who received myeloablative TBI (38) .
Based on these promising results, additional studies were then initiated in pediatric and adult patients using the less intensive non-TBI-based preparative regimen, consisting of fludarabine (160 mg/m 2 ), thiotepa (10 mg/kg), melphalan (140 mg/m 2 ), and OKT-3 (22) . In a study of 38 pediatric patients, primary copyright © 2012 International Pediatric Research Foundation, Inc.
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Exploiting haploidentical SCT engraftment was seen in 83%. The major cause of graft failure was rejection. However, after reconditioning and a second transplant with CD3/19-depleted PBSCs from the other haploidentical parental donor (39), engraftment was finally obtained in 98% of the patients. Most importantly, only 1 of 38 patients died from TRM. Acute GvHD grades 0-I, II, and III-IV was seen in 73%, 24%, and 3% of the patients, respectively. In a recent update, Pfeiffer et al. reported an event-free survival of 51% for children with acute leukemia who were in morphological remission at the time of transplantation (40) . A similar promising outcome was recently reported in a pediatric study of haploidentical transplantation using CD3/19-depleted PBSCs from Uruguay (41) . It is noteworthy that in this study 3 patients with Fanconi anemia were successfully transplanted from haploidentical donors.
Depletion of TcRαβ±/CD19± Lymphocytes
As compared with CD34 + positive selection, the number of graft-contaminating T cells is approximately tenfold higher in CD3/19-depleted grafts, requiring short-term post-transplant immunosuppression with mycophenolate mofetil (22) . A more effective approach to negative depletion of T cells is the recently described negative depletion of T-cell receptor (TcR) αβ + T lymphocytes from mobilized peripheral stem cell grafts (9) . With this method, a T-cell reduction of 4.5-5 log can be achieved, which is comparable to CD34 + positive selection. This approach retains NK cells, monocytes, dendritic cells, and γδ + T lymphocytes in the graft. γδ + T lymphocytes are nonalloreactive lymphocytes with important anti-infectious and antitumor properties (42, 43) that might have an impact on the outcome of haploidentical transplantation. In this context, it has been reported that γδ + T cells can exert an antileukemic effect in partially mismatched HSCT (44) . In this retrospective analysis, patients with a high γδ T-cell count posttransplant had a better 5-year survival than those with normal or low counts (70.8 vs. 19.6%, P = 0.0001), whereas no difference in the incidence of GvHD was observed. The first clinical experiences in children undergoing haploidentical transplantation of TcRαβ/CD19-depleted T cells obtained at the Children's University Hospital Tuebingen are promising, with a rapid donor engraftment, a rapid early expansion of donor-derived γδ + T lymphocytes, and a rapid immune reconstitution with a median time to reach 100 CD3 + T cells of 34 days (own unpublished observations).
cUrrent experience witH t-cell-replete bone MArrow And/or peripHerAl steM cells More recently, T-cell-replete bone marrow with or without PBSCs has been reintroduced in combination with intensive pharmacological prophylaxis for GvHD or with the in vivo T-cell depletion of donor-derived T cells after infusion of the graft using polyclonal antithymocyte globulin or monoclonal antibodies (alemtuzumab). Huang et al. combined G-CSF-primed BM and unmanipulated PBSCs following a myeloablative preparative regimen in adults (45) . All patients achieved full donor chimerism. Grade II-IV acute GvHD occurred in 78% and chronic GvHD in 73% of the patients. In another large study, HLA-mismatched or haploidentical blood and marrow transplantation achieved comparable outcomes with HLA-identical sibling transplantation (46) . In this setting, the graft composition affected the clinical outcome, and a higher CD4/CD8 ratio in the G-CSF-primed BM was associated with a survival disadvantage and a trend toward relapse, whereas a lower CD4/CD8 ratio in primed BM was associated with a survival benefit (47) . The use of G-CSF-mobilized PBSCs alone was inferior as compared with the use of G-CSF-primed BM and G-CSF-mobilized PBSCs (48) . G-CSF-mobilized BM alone was used in pediatric patients with hematological malignancies after myeloablative conditioning. For GvHD prophylaxis, antithymocyte globulin, basiliximab (a chimeric mouse-human monoclonal antibody that recognizes the α chain (CD25) of the IL-2 receptor of T cells), cyclosporine A, and short-course methotrexate were used (49). The 2-year disease-free survival was 53%.
Post-Transplant High-Dose Cyclophosphamide
A more recently described promising approach is in vivo allodepletion using high-dose cyclophosphamide (CY) posttransplant to induce tolerance. In these protocols, donor-derived lymphocytes are exposed to host antigens that induce proliferation of antigen-specific lymphocytes. It is hypothesized that by timely exposure to post-transplant CY, proliferating lymphocytes are killed whereas resting lymphocytes are spared (50, 51) . In a study of 68 patients with hematological malignancies, CY (50 mg/kg) was given on day 3 or days 3 and 4 after nonmyeloablative conditioning and transplantation of T-cellreplete haploidentical BM (52) . Graft failure occurred in 13% of the patients and the cumulative incidences of acute grade II-IV, grade III-IV GvHD, and chronic GvHD were 34%, 6%, and 22%, respectively. Actuarial overall and event-free survival (EFS) at 2 years after transplantation were 36% and 26%, respectively. More recently, promising results of a phase 2 study using partially HLA-mismatched related bone marrow grafts have been reported (53) .
wHo is tHe best HAploidenticAl donor?
In the vast majority of pediatric patients, the donor will either be the patient's mother or father. Therefore, the best donor has to be selected from these two. But who is the best donor? The best donor will be the one whose graft and reconstituting lymphohematopoiesis exerts the most effective graft-versus -leukemia effect in the absence of GvHD and facilitates rapid, complete, and permanent engraftment of donor hematopoiesis.
The Role of Alloreactive Natural Killer Cells
The broader use of highly purified CD34 + stem cells in haploidentical HSCT has allowed deep insights into the biology of NK cells and into the understanding of NK alloreactivity (54, 55) . NK cells express KIRs on their surface, which, upon binding to their cognate ligands, i.e., certain HLA alleles, induce an inhibitory or activatory signal. These signals, together with other signals, result either in the inhibition or activation of NK cells (56) . An overview on inhibitory and activatory KIRs and their known ligands is summarized in (57) . Mismatching donor KIR receptors with recipient HLA alleles (ligands) can provoke a powerful graft vs. leukemia effect, especially in the absence of GvHD (58) . Different models have been described to predict NK cell alloreactivity. There is the ligand-ligand model built on the "missing self " hypothesis, which assumes that each individual must express at least one KIR for self-HLA alleles. According to this model, an NK alloreactive situation is predicted if there is a mismatch of KIR ligands (i.e., mismatch of certain HLA alleles) between donor and recipient. In the clinical setting of haploidentical transplantation, this model was valuable for predicting a powerful antileukemic effect in adult patients with acute myeloid leukemia but not with ALL (10).
The receptor-ligand model is based on the direct determination of the donor's KIR repertoire and the patient's KIR ligands to predict NK alloreactivity (11, 59) . Lacking the corresponding ligands, leukemic blasts cannot inhibit the donor's NK cells, and tumor lysis is initiated. And indeed, a significant reduced risk of relapse was seen in pediatric patients after KIR receptor-ligand mismatched haploidentical transplantation with CD34 + selected cells (11, 60) . The receptor-ligand model is depicted in Figure 2 .
There is less evidence about the role of donor-derived NK cell receptors and their ligands in CD3/19-depleted haploidentical transplantation. When Pfeiffer et al. investigated the NK cell receptor repertoire reconstitution in pediatric patients after CD3/19 T-depleted haploidentical transplantation using a nonmyeloablative regimen, a prevalent early expansion of CD158b + NK cells was seen. Patients homozygous for the corresponding inhibitory KIR ligands (certain HLA-Cw alleles) had a poorer outcome than the ones that were heterozygous (40) . Similar findings were recently seen for haploidentical transplantations with CD34 + positively selected stem cells (61) . In T-cell-replete or poorly T-cell-depleted allogeneic transplantation, the effect of alloreactive NK cells might be overridden by alloreactive T cells requiring intensive pharmacologic GvHD prophylaxis (62) . This could explain the deleterious effects of KIR ligand incompatibility on clinical outcomes in haploidentical hematopoietic stem cell transplantation without in vitro T-cell depletion that were seen (63) . However, an important role of the donor KIR repertoire in haploidentical transplantation was reported by Symons et al. (64) . They examined 86 patients with advanced hematologic malignancies who received nonmyeloablative, HLA-haploidentical HSCT with high-dose, posttransplant cyclophosphamide. Patients homozygous for an inhibiting or KIR A haplotype had an improved overall survival, event-free survival, and nonrelapse mortality if their donor had a KIR B/B or B/x haplotype, which encodes several activating KIRs. The KIR haplotype model was further developed by Cooley et al. They analyzed the influence of the KIR genotype on the outcome in a cohort of 1,409 adult patients with either acute myeloid leukemia or ALL after matched unrelated HSCT. In patients who received a graft from a donor who had a KIR B/B haplotype, i.e., a high number of activating KIRs, a significant reduced risk of relapse was observed (65) . Furthermore, the content of activating KIRs was quantified using a score from 0 to 4, with 0 indicating a low and 4 a high number of activating KIRs, and donors with the highest haplotype B content score conferred the lowest risk of relapse. The KIR haplotype model is illustrated in Figure 3 . 
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In pediatric patients with very-high-risk ALL, a significant reduction of relapse was seen after haploidentical transplantation with CD34 + -selected or CD3/19-depleted grafts in patients transplanted from a donor exhibiting a KIR B haplotype. By applying the Cooley KIR-B-content-score, the risk of relapse was lowest for the highest KIR-B-content score (own unpublished data). These observations are in line with a more recent case-control study including 109 children suffering from ALL. Almalte et al. found that inheriting a higher number of activating KIR genes was associated with significant reduction in risk for development of ALL (66) . These findings support the important influence of activating KIRs in pediatric ALL not only in the setting of haploidentical transplantation but also for the development and maybe the course and therapy of pediatric ALL.
rebUilding tHe iMMUne systeM After HAploidenticAl trAnsplAntAtion A delayed reconstitution of the immune system in children and adults is an overall obstacle after allogeneic HSCT (67) . The delayed and insufficient T-cell reconstitution observed after haploidentical HSCT causes an especially high rate of infections and consequent TRM (68) . New strategies to improve the T-cell reconstitution include the adoptive transfer of donorderived virus-specific T cells (18, 19) , adoptive immunotherapy with allodepleted donor T cells (69) , the use of donor T cells selectively depleted of alloreactive lymphocytes by photodepletion (70), the use of donor pathogen-specific T cells (71) , or the posttransplant infusion of CD8-depleted donor lymphocytes (72) .
In (17) . In addition, the immune recovery was significantly improved without development of GvHD.
The influence on the immune reconstitution of the T-cell depletion method combined with a reduced myeloablative regimen remains unclear. So far, a faster immune reconstitution in adults (74) and no lethal infections in children (22) have been observed following a nonmyeloablative regimen with CD3/ CD19-depleted grafts for haploidentical HSCT. In this setting, the thymic function might play an important role. A faster T-cell reconstitution was seen in patients exhibiting a better thymic-dependent T-cell function before transplantation (75) . In addition, the immune reconstitution was faster in pediatric patients transplanted following a reduced-intensity regimen with a CD3/CD19-depleted graft than in patients transplanted 
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with a CD3-depleted graft containing TBI-based myeloablation (38) . Future research should show whether the rapidly expanding γδ + T lymphocytes after transplantation of TcRαβ/ CD19-depleted PBSCs will have any anti-infectious protective effect.
AtteMpts to prevent relApse
The main challenge in haploidentical transplantation is to keep the balance between conserving the graft-versusleukemia effect on the one hand and preventing GvHD on the other. T cells play a crucial role in leukemia surveillance after HSCT, and donor lymphocyte infusions might contribute in some hematological malignancies (14) . The important role of T cells for the control of leukemia was further shown by Vago et al. (76) . In this study, 5 of 17 patients relapsed after HLA-mismatched HSCT. Leukemic cells were lacking HLAmismatched alleles after HSCT with consecutive total loss of the HLA-mismatched haplotype. This loss was found to be due to an acquired uniparental disomy on the short arm of chromosome 6. Mutant variants of the leukemic cells escaped T-cell dependent surveillance and caused relapse. A similar tumorescape mechanism was also found in children after haploidentical HSCT (77) . However, even small amounts of donor T cells can cause GvHD without adequate immunosuppression in haploidentical transplantation (78) . Solutions to circumvent GvHD development might be adoptive transfer of NK-cellenriched donor lymphocyte infusions (79) or infusions with ex vivo interleukin-15-stimulated NK cells (80) .
Other strategies to prevent relapse might be the in vivo infusion of monoclonal antibodies directed against the CD19 antigen expressed in pediatric ALL after transplantation (81) . More recently, a CD3/CD19 bispecific T-cell-engaging antibody (blinatumomab) was used to treat post-transplant relapses in pediatric patients with ALL (82) . Three patients treated with blinatumomab showed minimal residual disease-negative remission (83) . The fact that 2 of the 3 patients were treated after haploidentical transplantation and did not develop GvHD despite the T-cell-engaging antibody is particularly worth mentioning.
Besides developing new strategies to prevent relapse, precise methods of detecting early relapse are likewise highly relevant. Chimerism analysis can easily and rapidly be done using anti-HLA antibodies conjugated to fluorochromes, as host and donor cells can be differentiated due to the existent HLA-mismatch in haploidentical transplantation (12) . The detection of residual host hematopoiesis can be combined with the flow cytometric detection of minimal residual disease (84) and allows very early detection of an impending relapse and an immediate intervention for its prevention.
conclUsions Advances in haploidentical HSCT over the past years have raised significant interest in this approach. It is still an evolving field, and many further improvements can be envisioned over the next years. Due to the continuous availability of the donor, posttransplant strategies to improve immune reconstitution and to prevent disease recurrence can be designed. Given the current promising clinical results in children and adults, haploidentical transplantation should no longer be regarded as a last-resort treatment for hopeless patients but should be offered to patients with an indication for allogeneic transplant who do not have a matched sibling or a MUD identified within a reasonable time frame. Using this approach, very promising results have been reported. Children with leukemia (85) and patients with veryhigh-risk leukemia who received a haploidentical transplant using either CD34 + stem cells or CD3/19-depleted stem cells in complete remission had a 5-year overall survival of 88%.
